Maintaining animals in an enriched environment may have different effects on animals depending on their background. Wild-type rats, such as WWCPS (Warsaw Wild Captive Pisula Stryjek) rats, are at an early stage of adaptation to laboratory conditions, and we can hypothesise that enriched laboratory environment provides them with conditions much closer to a natural habitat than standard laboratory cages. The WWCPS rats responded to novelty by orienting their behaviour towards the source of change, followed by rapid habituation of that response. The laboratory rats responded similarly to WWCPS rats immediately after the change, but their increased activity in that section of the experimental cage was not subjected to habituation. We propose, that for animals at early stages of domestication, information-seeking is more important in the regulation of their behaviour than it is for fully domesticated animals. In the latter, it is the stimulus-seeking that dominates behaviour regulation. Laboratory rats, and WWCPS rats showed different profiles of response to maintaining in the enriched laboratory conditions.
Introduction
The effects of long-term influence of environmental conditions on behaviour, as well as the anatomical and body grooming, fecal boluses. The authors reported a strong effect of enrichment in wild rats, which were more active in the open field test than their conspecifics raised in standard conditions. The difference between laboratory rats raised in enriched and standard conditions was much smaller. Wild rats raised in standard laboratory cages in the study conducted by Huck & Price (1975) were subjected to strong environmental pressure by being deprived of spatial stimuli and the ability to manipulate their surroundings. In that sense, enriched environment was closer to natural conditions, and, as a result, less emotogenic than being raised in standard cages. For laboratory rats, environmental enrichment constituted improvement of living conditions, which, however, did not translate into a radical decrease in environmental pressure because of their adaptation to laboratory conditions. In hindsight, and in the light of subsequent findings (Fernández-Teruel, Escorihuela, Castellano, González, & Tobeña, 1997; Moncek, Duncko, Johansson, & Jezova, 2004) , it seems likely that the interpretation of the results obtained by Huck & Price (1975) in terms of emotional changes is the most valid one.
The effects of environmental enrichment on emotional processes, including coping with stress, continue to attract the attention of many authors (e.g. Branchi, Santarelli, D'Andrea, & Alleva, 2013) . By contrast, the effects of long-term environmental influence on the behaviour of animals in low stress situations remain relatively unexplored. With the use of testing procedures designed to reduce stress in tested animals, it is possible to assess a wider spectrum of cognitive processes that are not subject to stereotypies due to strong emotional arousal (Pisula, 2003 (Pisula, , 2004 . For example, research conducted between 2000 and 2012 on laboratory rats shows that in lowstress conditions they usually respond to novelty by approaching its source and exploring a novel or altered object (Pisula, 2003 (Pisula, , 2004 Tanaś & Stryjek, 2008) . Nevertheless, so far the results of research on novelty in low stress conditions in the WWCPS rats have been inconclusive. In the study of the WWCPS rats, Tanaś & Pisula (2011) observed no positive responses, such as approaching the source of novelty. Wistar rats, similarly to other laboratory rats in previous studies (Dellu, Mayo, Vallée, Maccari, Piazza, Le Moal, & Simon, 1996; Fernández-Teruel, Escorihuela, Castellano, González & Tobeña, 1997) , showed strong neophilia. Pisula et al. (2012) reported analogous findings in the study where the WWCPS rats were much more cautious when exploring a lowstress novelty compared to gray short-tailed opossum and laboratory rats. It is unclear whether this difference is associated with the WWCPS rats' emotional or cognitive functioning. The results obtained by Tanaś & Pisula (2011) indicate the lack of emotional components explaining behavioural differences. However, in study by Pisula et al. (2012) , comparative analysis of the WWCPS rats, laboratory rats and gray short-tailed opossum revealed a significant role of emotional arousal as a source of differences between the three strains. One possible way to resolve this issue would be an attempt to stabilise emotional stimulation by introducing low-stress conditions for the experimental protocol.
The subject of the present study was the effect of enriched environment on the behavioural response to novelty tested in a low-stress setup. In the light of numerous publications on the long-term effects of stimulating environment on the emotional and cognitive processes we can assume that wild WWCPS rats subjected to this type of manipulation in low-stress conditions will demonstrate stronger positive responses to novelty than laboratory rats.
Method
The study employed a 2 (rat strain) × 2 (environment type) × 2 (sex) experimental design.
Subjects
The study tested 39 wild rats from F2-F4 generations of the WWCPS strain (19 females and 20 males) and 40 Brown Norway rats (20 females and 20 males). The Brown Norway (BN) rats were bred in the Mossakowski Medical Research Centre of the Polish Academy of Sciences, Warsaw. They arrived to our vivarium at the age of seven weeks. The WWCPS rats were bred and maintained in the facility of the H. Chodkowska School of Management and Law in Warsaw.
Prior to experiments the rats were cared for in accordance with the Regulation of the Polish Minister of Agriculture and Rural Development of 10 March 2006 on laboratory animal care. They were housed in groups of 4 to 5 in Eurostandard type IV cages with ad libitum access to water and standard laboratory fodder. The day/night cycle was 13 h/11 h.
Housing Conditions
One half of the rats were raised in standard conditions (control group), while the other half in enriched environ-mental conditions (experimental group). The selection of the groups met the criteria of randomization.
Standard conditions
The rats were raised in groups of 4 -5 in standard housing cages (Eurostandard Type IV) with ad libitum access to water and standard laboratory feed (Labofeed H). The temperature in the vivarium was 21˚C -22˚C, humidity 40% -60%, the day/night cycle was 13 h/11 h.
Enriched conditions
In the enriched housing conditions the rats were kept in two 200 cm/100 cm/75 cm pens (see Figure 1) . The floor of each pen was tiled with easy-to-wash tiles. The walls were made of galvanised sheet-plated chipboard. Covers were made of wire mesh mounted on a wooden frame. Each area was equipped with a two-level metal shelf (length 70 cm, width 40 cm, height 40 cm). The bottom level of the shelf was made of metal plate, the upper level was made of transparent plastic plate to enable observation of animals on the lower level. One shelf was installed at 14 cm, the other at 40 cm. A wire ladder was fixed to each shelf, enabling the rats to climb to either level. The areas also included two water bottles and a bowl with standard laboratory feed. The floor was covered with wood shavings. Rats were kept in single-sex groups of 10.
Experimental Apparatus
Exploration was measured in an 835/575/800 mm wooden chamber (Figure 2) . The front, raising wall was made of transparent Plexiglas plate. The chamber was divided into three zones of equal areas. The dividing walls between the zones were 435 mm high. A transporter of 160 mm in diameter with doors 120 mm tall and 100 mm wide was placed in the middle zone. The transporter in which rats were moved from cages to the experimental apparatus served as the starting point for the animals. A mirror suspended from the ceiling enabled experimenters to observe the rats' behaviour in the parts where the view from the front was blocked. The left (B) and right (C) zones contained wooden tunnels 80 mm high, 120 mm wide and 200 mm deep. Tunnels in the zones were open from the front. Animals could enter the tunnels or climb on them.
Procedures
Single-sex groups of 9 -10 rats from one strain were introduced to housing pens (Figure 1 ) at 40 days of age. Temperature in the vivarium was 21˚C -22˚C, humidity 40% -60%, the day/night cycle was 13 h of light and 11 h of darkness. The open sections of the pens were lit at 75 -100 lx. Animals had ad libitum access to water and food (Labofeed H). The areas were cleaned on a weekly basis.
Until the start of the experiment, the rats in the control group were kept in standard cages in the vivarium and were not subject to any additional manipulation other than routine handling, with modifications described by Stryjek (2008) and .
To record behaviour and responses to novelty, each animal was been placed in the experimental chamber for six minutes once daily, during 15 consecutive days. The experimenter left the room immediately after placing the container with the animal in the middle of zone "A" of the apparatus and opening the doors of the starting box. Then the animal was free to stay in the starting box or to leave it to explore the chamber. The first ten sessions were the habituation sessions during which the apparatus was arranged in the same way (see Figure 2) . Introduction of a novelty (i.e. addition of new tunnel on top of the old ones in the zone "C") took place before the eleventh session. Five more sessions were conducted with the chamber remaining in this new arrangement. Sessions 1st, 2nd, 5th, 6th, 9th through 12th, 14th and 15th were video recorded.
The animals were always introduced into the experimental area in the same sequence. All rats had individual markings on their tails to facilitate identification.
All procedures described in this paper were approved by the 1st Local Ethics Commission in Animal Experimentation, Warsaw, Poland.
Results
The time spent in each of the three zones of the experimental apparatus ("A", "B", or "C") and the numbers of interactions with objects present in each part were quantified. The data file was built on the basis of videotape records using the EthoLog 2.2 observational software (Ottoni, 2000) . In order to reduce irrelevant variance, the data collected in the course of the experiment were aggregated into four categories that from this point will be called "phases". Phase I consisted of data collected during Sessions 1, 2 and 5, Phase II consisted of data col- lected during Sessions 6, 9 and 10, Phase III of data collected during Sessions 11 and 12, and Phase IV of data collected during Sessions 14 and 15.
As a measure of stress response, the amount of time each rat spent on grooming was assessed (Komorowska & Pisula, 2003; Thor et al., 1988) .
The experimental design applied in this study was based on a repeated measure, and therefore our main focus is on the interactions among line, sex, and trial effects. Moreover, since the main goal of this study is to test the response of two selected lines of rats to the environmental change, we decided to analyse the environmental effects, sex effects and repeated measure effects within the two lines independently. The main comparisons therefore will be based on the within line effects of sex, environment and repeated measures (which also involves introduction of novelty during the testing phases). The main statistical procedure applied is ANOVA with sex and environment as between subject factors and measurement (involving introduction of novelty) as within subject factor.
Grooming
WWCPS rats demonstrated a distinctive pattern of change in grooming in response to the introduction of novelty in the experimental chamber. The change involved a marked decrease in grooming beginning from Phase 3 (no-velty effect) (see Figure 3) . The size of the effect varied depending on sex and type of housing, which translated into interaction effects. The interaction effects sex x measurement [F (3, 108) = 21.396, p < 0.001] and environment x measurement [F (3, 108) = 18.988, p < 0.001] were found.
The Brown Norway rats exhibited significantly less grooming than WWCPS rats throughout the study. In BN rats, there was a weak factor effect of measurement [F (3, 108) = 2.707, p < 0.05] demonstrated by increased grooming in the initial experimental sessions and in those after the introduction of novelty (see Figure 3) .
Interactions with the Transporter
WWCPS rats showed a steady drop in the interactions with the transporter (a direct physical contact with any part of the transporter) in Phases I-III. Due to the differences in effect size, an analysis showed a major effect of measurement [F (3, 108 A different pattern emerged in BN rats: the females exhibited a marked decrease in interactions with the transporter between the second and third phases. Statistical analysis yielded interaction effect for sex x measurement [F (3, 108) = 11.027, p < 0.001] (see Figure 4) .
Interactions with Objects in Zone "B"
The WWCPS rats interacted more with tunnels in Zone "B" of the experimental cage during the habituation part of the experiment (Phases I and II). The number of interactions decreased significantly following the introduction of novelty in Zone "C" (cf. The pattern was different in the BN rats: the number of interactions with tunnels in zone "B" of the experimental cage decreased in Phase IV (Figure 5 ). Due to differences in the steepness of that decrease, statistical analysis yielded interaction effect sex x environment x measurement [F (3, 108) = 3.090, p < 0.05].
Interactions with Objects in Zone "C"
The WWCPS rats demonstrated a significant increase in the number of interactions with objects/tunnels in zone "C" of the experimental cage in Phase III, followed by a steep decline in Phase IV [F (3, 108) = 7.788, p < 0.001]. In addition, ANOVA yielded interaction effects sex x measurement [F (3, 108) = 15.160, p < 0.001] and environment x measurement [F (3, 108) = 15.054, p < 0.001], which, however, have no bearing on the nature of the relationship (see Figure 6) . The BN rats showed a comparable pattern of responses to novelty in Zone "C" of the experimental cage. Similarly to the WWCPS rats, it involved an increase in object interaction in Phase III. However, unlike in the WWCPS rats, in the BN rats there was no decline in that activity in Phase IV. An ANOVA yielded the main effect of measurement [F (3, 159) = 64.835, p < 0.001] and an interaction effect of sex x measurement [F (3, 159) = 5.542, p < 0.01] in the form of stronger response to the novelty among BN females.
Rearing
The WWCPS rats presented a complex picture of changes in rearing in response to novelty. The effects of sex x measurement [F (3, 159) = 26.346, p < 0.001] and environment x measurement [F (3, 159) = 27.041, p < 0.001] interactions involved the fact that males and rats raised in standard conditions showed much higher initial levels of rearing than their counterparts, followed by a marked decrease when novelty was introduced in the experimental cage. Females and rats raised in enriched conditions presented lower initial rearing and less steep decline in that activity. Two patterns emerged in the BN rats. During the experiment, there was a steady decrease in rearing [F (3, 108) = 13.882, p < 0.001]. In addition, there was the effect of environment x measurement interaction [F (3, 108) = 2.837, p < 0.05] in that the enriched environment rats achieved their trough results in Phase III, while their counterparts raised in standard conditions in Phase IV (Figure 7) .
Discussion
The analysis of grooming revealed differences in profiles for that activity between Brown Norway laboratory rats and wild-type WWCPS rats. Firstly, the initial level of that behaviour is several times higher in the latter than in the former (Figure 3) . The difference is so large that it hardly requires statistics to prove it. This finding is consistent with the seminal result obtained by Hughes (1975) and the results of our previous studies (Tanaś & Pisula, 2011) . All WWCPS rats responded to modification in the experimental cage with a significant decline in grooming. It can be hypothesised that the cognitive task of having to integrate new elements with existing information resources had an inhibiting effect on grooming, which is typically interpreted as a symptom of emotionality and indicator of the level of stress (Komorowska & Pisula, 2003) . Cognitive effort is often thought to inhibit emotion (Christoff, Ream, & Gabrieli, 2004) . Presumably the novelty introduced in the experimental cage affected that aspect of behavioural organisation more in WWCPS rats than in their laboratory conspecifics. However, in the former, the effect of rearing conditions on grooming was also present.
The analysis of the animals' interactions with the transporter, used to carry them to the experimental chamber, revealed a different response pattern for either strain. Sex differences were present in Brown Norway rats. Males exhibited the same level of transporter interaction for the duration of the experiment. Females, on the other hand, showed a marked decrease in Phase III, i.e. after the introduction of novelty in the experimental cage. All WWCPS rats demonstrated a similar pattern of changes, with transporter interactions decreasing progressively in all phases of the experiment. Since the transporter was a fixed element of the environment, it can be assumed that changes in interaction level were less a function of the rats' cognitive processes than emotional phenomena. Presumably, rats are relatively attracted to the darkened interior of the transporter. Again, housing conditions proved to have a significant effect on the behaviour of wild rats. The two strains behaved differently in the section of the experimental cage marked as Zone "B", where no alterations were made to the setting. The WWCPS rats raised in enriched environmental conditions exhibited a decrease in the number of interactions with objects in that zone immediately following the introduction of novelty in Zone "C" and in the last phase of the experiment. By contrast, Brown Norway rats raised in standard conditions showed no changes in the number of interactions with objects in that part of the cage when novelty was introduced in Zone "C". In Brown Norway rats interactions declined only in the final phase of the experiment. This is a departure from the data obtained in an earlier study (Pisula, Turlejski, Stryjek, Nałęcz-Tolak, Grabiec, & Djavadian, 2012) , in which laboratory rats (Wistar) showed increased interaction in the unaltered part of the experimental cage, and no such changes were observed in WWCPS rats.
The key aspect in the analysis of the effects obtained is the response of the rats in the study to the introduction of novelty in Zone "C". In Zone "C", a new object was introduced to augment the novelty, and the number of tunnels was increased to boost complexity. The WWCPS rats exhibited a pattern of behaviour that can be described in terms of a response to novelty that involved orienting their behaviour towards the source of change (zone with a tunnel added), followed by rapid habituation of that response. The laboratory rats (Brown Norway) responded similarly to WWCPS rats immediately after the change, but their increased activity in that section of the experimental cage was not subject to habituation, i.e. the level of activity remained constant over subsequent sessions. From that we may infer that wild rats, similarly to their laboratory counterparts, relocated their exploratory behaviour to the area where novelty appears, and then that activity is relatively quickly extinguished. This could mean that undomesticated rats (WWCPS) exhibit greater behavioural plasticity with respect to changes in their environment.
As was the case with other variables, the WWCPS rats exhibited observable effects of housing conditions on the level of exploration in the altered and unaltered sectors. As far as rearing is concerned, the behavioural patterns in both strains were similar. Rats raised in standard conditions performed more rearing behaviour than those housed in enriched environment pens. There were sex differences in the WWCPS rats: females were rearing more than males. Both the environmental and sex effects disappeared when novelty was introduced in the cage housing the WWCPS rats. By contrast, in Brown Norway rats the effect of the environment was not extinguished in later sessions. Jones, Mason, & Pillay (2011) and Latham & Mason (2010) demonstrated the role of the factor called environmental downshift. This procedure involves moving animals housed in enriched environmental conditions to standard laboratory cages for a period immediately preceding measurements. This is a key element of the protocol, which had to be taken into account in the present study. The procedure was required due to the treatment of WWCPS rats (Stryjek, 2008; Stryjek & Modlińska, 2013) . Seven days before tests, rats kept in enriched conditions were moved to standard cages to ensure standardisation of the appropriate measurement procedure. The research by Jones, Mason, & Pillay (2011) and Latham & Mason (2010) quoted above were rooted in the theoretical framework of animal welfare. Nevertheless, the effects identified in those experiments are relevant for basic research.
It appears that, as postulated by classic theories of behavioural motivation, rats' activity is regulated primarily by two major components: stimulation-seeking and information-seeking (Hebb, 1955; Pisula, 2007) . It appears that the specific of behaviour and its changes due to environmental factors in WWCPS and Brown Norway rats can be explained by the dominant role of a different regulating component. A general idea that can be extrapolated from the results of the present study is that for animals at early stages of domestication (wild animals raised in a laboratory for 2 -3 generations, i.e. WWCPS rats), information-seeking is more important in the regulation of their behaviour than it is for fully domesticated animals. In the latter, on the other hand, it is the stimulus-seeking that dominates. The following arguments support this claim:
• rapid habituation to environmental changes in WWCPS rats' behavioural profile • delayed changes (Zones B, A, grooming, rearings) in the behaviour of Brown Norway rats in response to environmental change • persistent activity around altered objects in Zone C in Brown Norway rats, which can be interpreted as a sign of stimulus seeking (more complex environment offers more stimuli).
Moreover, a characteristic variable discriminating wild and laboratory rats proved to be the duration of grooming. WWCPS rats demonstrated more profound behavioural symptoms of stress. It also appears that wild rats are more sensitive to the conditions in which they are raised. The effect of housing environment was present in all variables of interest. The results seem to hold some importance for the understanding of the phenomenon of domestication process.
Conclusion
Animals that are different in terms of the domestication process advancement, respond to environmental enrichment in different ways. Individuals that are fully domesticated, are mostly driven by the changes in stimulating properties of the environment. On the other hand, individuals that are less advanced in the process of domestication, respond mainly to the information involved in the change of stimulus field. Therefore, animals of the same species, but belonging to subpopulations being at various levels of domestication, seem to be a valuable comparative model, to study behavioral development in the context of domestication processes.
